The objective of this study was to clarify the awareness and treatment status of hypertension in Japanese workers, comparing with those of hypercholesterolemia. The subjects were 6,186 workers (age 19 to 
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Taichiro TANAKA 1) , Tomonori OKAMURA 2) , Zentaro YAMAGATA 1) , Toru TAKEBAYASHI 3) , Unai TAMURA 1) , Yukinori KUSAKA 4) , Sumio URANO 5) , Yuji MIYOSHI 6) , Akira OKAYAMA 7) , and Hirotsugu UESHIMA 2) Introduction Hypertension and hypercholesterolemia are major risk factors for cardiovascular diseases such as stroke and ischemic heart disease (1) (2) (3) (4) . Screening for risk factors and their management are important for the reduction of deaths from cardiovascular diseases. Most developed countries have guidelines for the management of the risk factors for these diseases (5) (6) (7) . Individuals with positive findings for these risk factors must first be made aware that they have these risk factors. This should increase their motivation to improve these risk factors. Then, they can receive appropriate guidance for lifestyle improvements or start medication. Many European and U.S. studies have reported on the awareness rates and treatment of risk factors for cardiovascular diseases (8) (9) (10) (11) . However, there have been only a few reports on the awareness of hypertension and hypercholesterolemia in Asians (12, 13) . Furthermore, most of the studies on awareness used the "recall method," which is based on subjects' memories. There have not been any studies that have prospectively examined awareness.
The objectives of this study are to examine the self-awareness of the past medical histories of hypertension or hypercholesterolemia based on laboratory data in the previous year and to clarify the percentage of untreated subjects with hypertension or hypercholesterolemia. The subjects in this study are 6,186 workers from 12 workplaces in Japan. Our working hypothesis is that Japanese people, who have been exposed to the danger of stroke from hypertension for many years, have a higher rate of awareness of hypertension than hypercholesterolemia, and consequently, are treated more often for hypertension than for hypercholesterolemia.
Methods

Study Population
We used the baseline and following year's data from a large intervention study named the High-risk and Population Strategy for Occupational Health Promotion (HIPOP-OHP) study. The details of this study have been described elsewhere (14) . Briefly, the HIPOP-OHP study was conducted using both a population strategy and a high-risk strategy to establish preventative measures to improve cardiovascular risk factors. It was a 6-year study conducted from 1998 with subjects from 12 workplaces throughout Japan. The 12 workplaces participating in the study consisted of 6 sites (companies A-F) in the intervention group, and 6 sites (companies G-L) in the control group. In the intervention group, individual lifestyle modifications for subjects with positive findings of hypertension, hypercholesterolemia, diabetes or a smoking habit were performed as the high-risk strategy. Concurrently, environmental improvements were performed based on the population strategy (such as improvements of company cafeterias, promotional campaigns to increase physical activity, and inspection of the designation of smoking areas). In the control group, only teaching materials for individual lifestyle modification were provided. The sites in the intervention group included the Tokyo headquarters of a life insurance company (company A) and factories of electrical product manufacturers (companies B, C, E, and F). Among the latter 4 companies, company C was located in eastern Japan (the Kanto region) and the remaining 3 companies were located in western Japan (the Kinki and Hokuriku regions). Company D was the factory of a chemical company located in western Japan. The sites in the control group included the factory of a chemical company located in Tokyo (company H) and four electrical product manufacturers (companies G, I, J and K). Among the latter 4 companies, companies G and K were located in eastern Japan (the Kanto region), and companies I and J were located in western Japan (the Kinki and Hokuriku regions). Company L was the laboratory of an electrical products manufacturer.
The subjects were 6,186 individuals aged 19 to 69 years who worked at the aforementioned companies and who participated in at least the first 2 years of the HIPOP-OHP study (i.e., the baseline year [1999 or 2000] and subsequent year [2000 or 2001] ). The data were collected at the time of the annual health checkups which all companies in Japan are obligated to perform in accordance with the "Law for Workers' Safety and Health." Therefore, the subjects were almost all of those worked at the aforementioned companies. Eightynine point eight percent of participants from the baseline examination took part in the following year's examination. About 10% of the subjects were lost to follow-up due to retirement or moving off to another worksite within the same corporation.
Data Collection and Standardization
The collection of all data was performed by a standardized method using the same format (14) . The blood pressure was measured twice in each subject after sitting at rest for at least 5 min with an hourglass. The mean value of the two measurements was used for analysis. The same automatic sphygmomanometer (BP-103iII; Nihon Colin, Komaki, Japan) was used at all companies but one (Company L used TM-2654 and TM-2656; A&D Co., Ltd., Tokyo, Japan). For the total cholesterol levels, an international standardization of lipid measurement was performed via the Osaka Medical Center for Health Science and Promotion, which is a member of the U.S. Cholesterol Reference Method Laboratory Network (CRMLN) (15) . Each laboratory, which measured serum samples for each workplace, was responsible for the standardization of serum total cholesterol measurements under the control of the Osaka Medical Center for Health Science and Promotion Based on the 1999 WHO/ISH guidelines (16), we defined hypertension as a systolic blood pressure (SBP) ≥ 140 mmHg, a diastolic blood pressure (DBP) ≥ 90 mmHg, or the taking of an antihypertensive medication at the baseline examination. According to the ATP III guidelines (5), hypercholesterolemia was defined as a total cholesterol level ≥ 240 mg/dL or the taking of a hypolipidemic medication at the baseline examination. The subjects were informed about their baseline results orally and in written notices.
Self-awareness and treatment were examined using the questionnaire shown in the Appendix Table. The questionnaires were distributed to and filled in by the subjects prior to the physical examinations in the year following the baseline survey. The subjects, who were defined as having hypertension (or hypercholesterolemia) based on the baseline survey, were categorized as those with or without awareness of hypertension (or hypercholesterolemia). Among the subjects who were defined as having positive findings of hypertension (or hypercholesterolemia) based on the baseline survey, those who answered "I have never been told that I have hypertension (or hypercholesterolemia)" on the questionnaire of the following year's survey were defined as unaware. All other subjects with positive findings were categorized as aware subjects. The untreated subjects were defined as those who had been determined to have hypertension (or hypercholesterolemia) at the baseline examination, but who answered, "I have never been told that I have hypertension (or hypercholesterolemia)" or "I am not taking medicines and not undergoing lifestyle modification" in the following year's survey.
Statistical Analysis
The HIPOP-OHP study is an interventional study with the objective of improving hypertension and hypercholesterolemia. For 1 year from the baseline examination, protocol creation was accomplished in order to generate a population strategy. Even for the intervention group, no intervention via individual lifestyle modification and population strategy was implemented. Furthermore, no attempts were made to improve the awareness of the patients about their disease. It has been reported previously that there were no changes in the intervention and control groups for the blood pressures, total serum cholesterol levels, and proportions of subjects taking lipid-lowering or antihypertensive medication (17) . Furthermore, there was no significant difference in the proportion of aware subjects between the intervention and control groups. Therefore, we analyzed the intervention and control groups as a single group. Gender-specific analysis was also performed. Comparisons of the proportions of aware and untreated patients between the hypertensive and hypercholesterolemic groups were performed using an χ 2 test. Statistical analysis was performed using SPSS software, version 11.0 for Windows (SPSS, Chicago, USA). Values of p< 0.05 were considered statistically significant. Table 1 shows the blood pressures and total cholesterol levels by gender and age group. The mean age of the subjects was 38.8±9.5 years for men and 37.9±9.8 years for women. The mean values of SBP, DBP and total cholesterol were 118.7±15.5 mmHg, 72.5±11.1 mmHg and 196.4±34.0 mg/ dL in men; and 109.2±15.7 mmHg, 65.6±10.7 mmHg, and 194.8±34.2 mg/dL in women, respectively. The mean age of the subjects with hypertension and hypercholesterolemia were 43.5±9.5 years and 44.4±7.8 years in men; and 47.6±8.0 years and 49.6±6.1 years in women, respectively. The mean age of the subjects with hypercholesterolemia was higher than that of the subjects with hypertension. Table 2 shows by gender and age the percentages of subjects with hypertension in the first year of the examination, their awareness of hypertension in the following year, and their level of management. The percentage of subjects with hypertension increased with age in both men and women. The There was an inverse association between the awareness rate of hypertension and the untreated rate of hypertension in both men and women. Table 3 shows the percentages of subjects with positive hypercholesterolemia findings in the first year, their awareness of hypercholesterolemia in the following year, and their level of management. The percentage of hypercholesterolemic subjects in the different age groups ranged from 2.6% to 16.3% in men and 2.3% to 28.8% in women, and the percentage for all ages was 12.2% in men and 12.6% in women. The number of hypercholesterolemic subjects tended to increase with age. The percentage of subjects with awareness of their hypercholesterolemia increased with age in both men and women. The percentage of subjects with awareness of their hypercholesterolemia in the different age groups ranged from 20.0% to 65.4% in men and 16.7% to 62.7% in women, and the percentage for all ages was 55.7% in men and 58.6% in women. The percentage of untreated hypercholesterolemic subjects ranged from 47.8% to 86.7% in men and 47.5% to 83.3% in women. There was an inverse association between awareness rate of hypercholesterolemia and untreated rate of hypercholesterolemia. Table 4 shows a comparison of the awareness and treatment rates for hypertension and hypercholesterolemia. In subjects 39 years and younger, there was no significant difference between hypertension and hypercholesterolemia in awareness rate and in the rate of untreated subjects, when data from both genders were combined. The hypertension awareness rates were significantly higher than the hypercholesterolemia awareness rates in subjects 40 years and older. In conjunction with an increased awareness of hypertension, the percentages of untreated hypertensive subjects were significantly lower than the percentages of untreated hypercholesterolemic subjects. There were no differences for body mass index and rate of treated subjects at the baseline examination between subjects with awareness of hypertension and those with awareness of hypercholesterolemia in men, and no difference for the rate of treated subjects at the baseline examination between these two disease groups in women, although the mean body mass index of subjects of women with awareness of hypertension was higher than that of women with awareness of hypercholesterolemia.
Results
The awareness of hypertension was higher than the awareness of hypercholesterolemia in 9 of 12 companies (all companies except H, I, and J). In addition, the percentage of subjects not treated for hypertension was lower than that not treated for hypercholesterolemia in 9 of 12 companies (all companies except D, E, and H) (not indicated in the table). Since the number of female subjects was small in each workplace, we could not analyze the data by gender at the individual sites. Results from a questionnaire survey of the following year, 2000-2001.
c "Subjects not aware of hypertension" or "neglected (not taking medication and not receiving lifestyle treatment)."
Discussion
We performed an analysis of the prevalence of hypertension and hypercholesterolemia, as well of the awareness level and treatment status for these diseases (i.e., medication and lifestyle modifications) in Japanese workers. The awareness rate of hypertension was significantly higher than that of hypercholesterolemia in subjects aged 40 years and older. Furthermore, the percentage of untreated subjects with hypertension was significantly lower than that of untreated subjects with hypercholesterolemia.
There may be some explanations for the difference in the awareness levels between hypertension and hypercholesterolemia. First, since the results of blood pressure measurement are known immediately upon examination, subjects were notified of high blood pressure at the examination site. In contrast, the blood tests for hypercholesterolemia required several weeks, and thus subjects with this condition were notified nearly a month later. This time lag may be one of the reasons for the difference in the awareness levels between the two risk factors. Second, there is widespread use of simple automatic blood pressure monitors in Japan, and blood pressure measurements can be performed easily at home. Furthermore, since strokes have been the leading cause of death in Japan from 1951 to 1980 (2, 18) , preventative efforts in cardiovascular diseases have focused more on hypertension than hypercholesterolemia. The awareness level might be affected by the high interest level in hypertension in the general public.
There are many reports from Europe and the U.S. on the awareness and treatment of hypertension and hypercholesterolemia. The awareness rate of hypertension among the general population is approximately 1/2 to 2/3 in developed countries (10) . In the National Health and Nutrition Examination Survey (NHANES), a representative study of hypertension and hypercholesterolemia awareness was conducted during 1999-2000, the same time period as our study (9, 11) . Although the method of the assessment of awareness differed from that in our study, the awareness rate among hypertensive subjects in their study was 73.3% in 40-59-year-olds, similar to the results of our study. In contrast, the awareness rates of hypercholesterolemia was 39.4% in 20-44-year-olds and 70.2% in 45-64-year-olds, which suggested that the younger age group in Japan has a slightly higher awareness rate than in the U.S. However, the awareness rate was higher in the older age group in the NHANES than in our study.
These results may be due to the lack of a continuous national campaign against hypercholesterolemia in Japan, which may be due to the lower incidence of ischemic heart disease in Japan than in Europe and the U.S. (3). However, there are reports of the incidence of ischemic heart disease tending to increase in urban areas from a long-term perspective (19, 20) . Therefore, health promotion to increase the awareness of hypercholesterolemia is considered necessary. In the present study, the awareness rates of hypertension and hypercholesterolemia and untreated rates were inversely correlated. The first step towards controlling these diseases is considered to be knowledge of one's own pathological conditions. However, to reveal the association between awareness and initiation of treatment, an intervention study for awareness will be needed.
To the best of our knowledge, there are only a few reports on the awareness of hypercholesterolemia and hypertension in Japan. Asai et al. used the data from the Jichi Medical Results from a questionnaire survey of the following year, 2000-2001.
c "Subjects not aware of hypercholesterolemia" or "neglected (not taking medication and not receiving lifestyle treatment)." School (JMS) cohort study, in which the subjects were taken from the general population in the community. That study was a survey of self-awareness of hypertension conducted from 1992 to 1995 (12) . The awareness among hypertensive subjects in that study was lower than in our study. In that study, awareness was 24% for men and 28% for women in their 40s, and 36% for men and 48% for women in their 50s. The possible reasons for such differences between the studies are as follows. The JMS cohort study defined subjects as having an awareness of hypertension when they were "told to have hypertension by a physician." In the present study, the awareness of hypertensive was examined in the year following the year in which blood pressure was measured. Furthermore, when Asai et al. conducted the study between 1992 and 1995, the general criteria for hypertension was an SBP≥ 160 mmHg or a DBP≥ 95 mmHg. Therefore, it is possible that the percentage of individuals who were told they had hypertension by their physicians or other medical professionals was different than the percentage of individuals notified of hypertension in the present study.
Lifestyle modification is useful in reducing total cholesterol levels (21) . However, there are many untreated subjects with hypercholesterolemia who are not taking medication and not undergoing lifestyle modification. To receive appropriate guidance for lifestyle modification, individuals with positive findings for hypercholesterolemia must first be aware that they have this risk factor. Furthermore, it is important to disseminate information about the usefulness of lifestyle modification to individuals with hypercholesterolemia.
There were a few limitations in the present study. First, the subjects of our study were workers who may have been subject to the "healthy worker effect." That is, the surveyed population may have been healthier than the general population in the respective community. In addition, the subjects in our study were all from large-scale workplaces with 50 employees or more. By the Industrial Safety and Health Law in Japan, a workplace with 50 employees or more is obligated to have an appointed employment medical advisor. All the workplaces targeted in our study had an employment medical advisor involved in health management. However, in Japan there are many small companies with less than 50 employees. Thus our results may not apply to all workplaces in Japan, especially in small companies.
In conclusion, our results indicate that there are still many unaware and untreated subjects with hypertension and hypercholesterolemia, even among employees in large companies. It is important to increase the awareness of these risk factors in individuals with positive findings. Furthermore, it is important to improve their lifestyles and start medication early enough to reduce the morbidity and mortality of diseases associated with these risk factors. For this purpose, it is necessary to promote interventions of not only individuals with Definition of "untreated" include "subjects not aware of hypertension (or hypercholesterolemia)" or "neglected (not taking medication and not receiving lifestyle treatment)." positive findings but also their surrounding people and environment, a so-called "population strategy."
